Over the

River and
Through

the Woods

Describing Functions

WARM UP LEARNING GOALS
Does the table describe * Analyze a problem situation using multiple representations.
a function? Explain your * Determine characteristics of linear functions.
reasoning. * Graph linear functions and describe them as functions
_ whose graphs are straight lines.
X y e |dentify intervals of increase, decrease, and constant
0 1 values of a function.
1 2 * Define, graph, and analyze non-linear functions and give
> 3 examples of functions that are not linear.
—~1 2 KEY TERMS
-2 3 * linear function * interval of decrease
® increasing function e constant interval
e constant function * absolute value function
e decreasing function * quadratic function
* interval of increase e cubic function

You have examined a number of different functional relationships. How are functions
categorized in terms of direction and shape?
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Getting Started

To Grandmother’s House We Go

Little Red Riding Hood is traveling to Grandmother’s house to bring
her cookies and tea. However, Little Red Riding Hood often gets
distracted on her way to Grandmother’s house.

1. Select one of the graphs that could be her journey and
describe Red’s journey to Grandmother’s house.

Graph A Graph B Graph C
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2. Which of the graphs could not be a graph of Red’s journey to
Grandmother’s? Explain your reasoning.

3. Which of the graphs represent functions? //] 5 (7 f
i
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ACTIVITY

41 Linear Functions

You and your friends are rock climbing a vertical cliff that is 108 feet
tall along a beach. You have been climbing for a while and are
currently 36 feet above the beach when you stop on a ledge to have
a snack. You then begin climbing again. You can climb about 12 feet
in height each hour.

1. Consider your height from when you begin climbing after
your break.

a. Define variables for the changing quantities and explain
which is the independent quantity and which is the
dependent quantity.
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b. Sketch a graph for your journey up the cliff after
the break.

nel jk\

Hme
c. Which quantities are changing? Which quantities
remain constant?
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d. Write an equation for the dependent quantity as a
function of the independent quantity.
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Drawing a line
through the data set
of a graph is a way to
model or represent

relationships.

oy (#D)
hc.Jm(

ls this a
proportional
relationship?

e. Create a graph to represent the situation. Label your
axes appropriately.

y

X
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f. State the domain and range for the situation.
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g. Does this situation represent a function?
Explain your reasoning.
y €S

When you graph the input and output values of some functions, the
graph forms a straight line. A function whose graph is a straight line is
a linear function.

2. Consider what you know about linear relationships.

a. lIs every line a linear function? Explain your reasoning.
No — ver hed lines re md Sunchiond.

b. Is every linear function also a proportional relationship?
Is every proportional relationship a linear function?

NQ - P"v{k-«/*fdna/ ling Jo Hﬁmﬂ%jlﬂ (O' =

yes - (“‘uﬁfj Pro poc horal  re lehvyhp 4 G )
FV “C hQ\ )
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c. Describe how the independent and dependent values
change in linear functions.

v&/
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d. Write the equation of a linear function with slope m, b X
initial value b, independent quantity x, and dependent

quantity y.
Vemxs b

3. Write an equation to model each linear function.

a. Lin is tracking the progress of her plant’s growth. Today the
plant is 5 centimeters high. The plant grows 1.5 centimeters
per day. Write an equation that relates h, the height of the

plant after d days.
/Q‘ = 5 t lo 5(‘i

b. Carmen initially has money in her bank account. Each week
she withdraws the same amount of money from her account.
Write an equation that relates b, her account balance after
w weeks.

—————

Account balance b = T00 - TSwy
(dollars)

825
750
675
600

Week

AW IN]|—
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c. Arental car agency charges a fixed daily rate with an
additional charge per mile driven. Write an equation that

relates t, the total cost for a rental car, after m miles driven.

% Rental Car Cost
36
32
28
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= —
\/ Zm x+\3 I Ryy S
(e} )
(@] |
. 12
)
8
4
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Distance (miles)

d. Write an equation that relates y, the dependent quantity,
to x, the independent quantity, if the slope is % and the
y-intercept is —7.

Nz b Yz 3x=T
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activitv { Increasing, Decreasing,
4.2 or Constant.. .

her house to a park 3 miles away. When she arrived, she played
basketball for an hour, and then she caught a ride home with
Kendall. They traveled at a constant speed from the park to Erika's
house and arrived in 12 minutes.

1. |Define variables for the time'since Erika left home in minutes,
and for hendistance)from home in miles.

t = '}7/)1? ‘A auk

d - du o e in niley

2. Sketch a graph for Erika’s morning.

(\:J‘\l{, Qe /

ﬂ"”‘é«
3. Determine the rate at which Erika walked to the park and the
rate at which she and Kendall drove home. Express the rates

in miles per minute.
3:\«,”9'/ . Ol 3 ailed

de
Mmoo Ff 7 ™A
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- O, 2 mile Pe” min .

4, Determine the domain (time) and range (distance from home)
for each part of Erika's morning.

Activity ‘Domain Range
Walking to Park 0¢ tL30 ot de 3
Playing Basketball |30 ¢ ¢ ¢ <o 4:3

Riding Home T ¢ ¢t €10 0&d £ 3
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5. Write an equation that can be used to model each statement.

Does each a. Erika’s distance from home as she walked to the park

equation =
representa 6‘ O ¢ ' t

function?
b. Erika’s distance from home while she was playing basketball

d=3

c. Erika’s distance from home as she rode home from the park
g =3-025¢

6. Describe what happens to Erika's distance from home in each
part her morning as time increases.

a. Erika's walk to the park

ﬂJ %m& I nld Cedey, d:’/"’cw ©
Frcm l’w\v%? in(reaJed.

b. Playing basketball

Ar Fnx W / Cwyed, divkince  rerain) Ha Sarme

c. Erika’'s ride home

(\J }wr«( YK eey-e) / N/ c»l,'J 'ktﬁc e’
‘PY"W“ L\(‘h-‘i d €(reeye.

You can describe a function by analyzing the values of the function.

e When both values of a function increase together, the function
is called an increasing function.

e When the y-value of a function does not change, or remains
constant, the function is called a constant function.

e When the value of a dependent variable decreases as the
independent variable increases, the function is called a
decreasing function.
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7. Create a graph of Erika’s morning. Label each axis.

TN (A s -

8. Consider the graph of Erika’s morning.

a. What are the domain and range for Erika’s morning in
this problem?

Tthe doresn 1y 04 £ C 102
The @nSo 1) 0¢des

b. Does the graph of Erika's morning represent a function?
Explain your reasoning.

‘/ F3 - 4)1\—() IJ G,\|7 One Cir../ '}"u’( € FI/(}/‘V\ \‘Vf’Y‘Q Q" (-'{'?)
Jive~ ot
c. List the parts of the function that are increasing,

decreasing, or constant. Also list their equations
and domains.

Activity Behavior i Equation ! Domain
Walking to Park .'ﬂ('/(yl«/:’f‘j’ d=0.1¢ OEéL £ 50
Playing Basketball C‘C,U}CL,J[ d =3 30 & ¢ < 90

fdngHome | i d=3-025¢ | 99 £ ¢¢ Jag
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You can describe the intervals of a function by analyzing what
happens at specific independent values.

e When a function is increasing for some values of the
independent variable, it is said to have an interval of increase.
e When a function is decreasing for some values of the
independent variable, it is said to have an interval of decrease.
* When a function is constant for some values of the independent
variable, it is said to have a constant interval.

9. Describe any intervals of increase, intervals of decrease, and
constant intervals.
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10. Explain how the behavior of each part of the function relates
to the slope for that part of the function.

In (.’t’w,\fj = poihive SopL-
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actvity -t Analyzing Non-Linear

43 Functions

In this activity, have someone in your class think of a whole number
from 1 to 20. One-by-one ask each of your classmates to guess
what the number is. Then record each guess without revealing the
mystery number.

1. Record and analyze the results of each guess.

a. After each guess, plot a point to
represent the relationship between
the value of the guess and its distance
from the mystery number.

<
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b. What is the mystery number? Explain
your reasoning.

Distance from Mystery Number
© O

N B~ O

c. Does this graph represent a function? 0" % 4 ¢ 8 10 12 14 16 18 20
Explain your reasoning. Guess

d. Is this a linear function? Explain how you know.

e. Identify the domain and range for this situation.

f. Describe when the graph increases, decreases, or
is constant.

LESSON 4: Over the River and Through the Woods ¢ M2-233



The graph of the relationship between the value of the guess and its
distance from the mystery number is an example of an absolute value
function. Recall that the absolute value of a number is the distance
from the number to zero on a number line. An absolute value
function is a function that can be written in the form y = |x|, where x
is any number or expression.

g. Write the equation that describes this absolute value
function. How does the equation relate to the graph?

Let's consider a different situation. Recall that the area of a square is
equal to the side length, s, multiplied by itself and is written as A = %

¥ ‘Im_p‘,,‘}kfug _ 2. Use this relationship to answer each question.
2 ‘ p q
A gfu‘h Ve mn L(" f Vrr

i = 57 | )
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variable, and the area of the square is the dependent variable. This
formula can also be modeled by the equation y = x*.

: ,vﬂ_f.jgﬁ_t_&___i__)éy_f?}&j _ b. What are the domain and range for y = x*? How is this
different from A = s?? ) | i
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c. Use the equation y = x* to complete the table of values.  /.¢(.c 4,
Then graph the values on the coordinate plane.
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d. Does this graph represent a function?
Explain your reasoning. .

\)?J - Guck }«-\p‘,d* l\;@/ & C[U'L"lﬂd' Qu}f‘_["d
Th aVo pawes Ha vegdice) line W

e. Is this a linear function? How do you know?

I\\Q =1 l\d C’ut’ueg,\ ( (/' 'JLL‘FQD

f. Describe when the graph increases, decreases, or
is constant.

Veuee X400 oad tncrtwe, X >0

The graph of the relationship between the side length of a square and

its area is an example of a quadratic function. A quadratic function is

a function that can be written in the form y = ax* + bx + ¢, where a, b, ‘Qg_&_g(«"m 41(,
and c are any real numbers and a is not equal to zero. F,%L.LLJH‘QA hoy

. . . On X')* ‘/‘t’//k
g. What are the values for a, b, and c in this equation? How o ldlS £

does your equation fit the definition of a quadratic function?
Yex* g=\ b=0 =0 O i <yad # ¥
a +0.

Let’s consider one more situation. Recall that the volume of a cube is
equal to the side length, s, cubed and is written as V = §°.

3. Use this relationship to answer each question.

a. What are the domain and range for V = s%?
Explain your reasoning.

Vonas. ¥ Revnse arc all QJ;HVG el WY —_ Yo Curmy } )\‘Wf G
V\?"aa H\’C Jk‘l( )"r }1\ 0 C,
n€jal—{p(’ Vielumg -
In the equation V = §°, the side length of a cube is the independent
variable, and the volume of the cube is the dependent variable. This
formula can also be modeled by the equation y = x*.

b. What are the domain and range for y = x*? How is this
different from V = s°?

D~ b Teag o bk all rea) B9 Yoo Cum \ute m;dw@
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c. Use the equation y = x* to complete the table of values.
Then graph the values on the coordinate plane.

AY X Vi=¢

8 )
5 Y
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d. Does this graph represent a function? Explain _
your reasoning. yes - ns X Vlug v’fpeg-:f , Cach caput

b o didiach atect-

e. Is this a linear function? How do you know?

No - i+ (ueve

f. Describe when the graph increases, decreases, or

is constant. .

The graph of the relationship between the side length of a cube

and its volume is an example of a cubic function. A cubic function

is a function that can be written in the form y = ax®* + bx* + cx + d,
where each coefficient or constant a, b, ¢, and d is a real number and
a is not equal to zero.

d. What are the values for a, b, ¢, and d in this equation? How
does your equation fit the definition of a cubic function?
a:\ b:C/ C:L/ Cl:’o QJO \( O -lf <
ved H
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TALK the TALK %@

Show the Horse the Way

1. Sketch a graph for each set of given characteristics.

a. increases over its entire domain

b. decreases when x < —2 and increases when x > =2

¢. includes an interval of decrease, an interval of increase,
and a constant interval

2. Write a possible story for the graph described in part (c).

\ \ A\
\\ \\ e "~.\"\

AN \\\\ \\ \ \ \ \ A VL
..... \ \ \\\\\\\\ \\\\\\\\\\ \ \\\\\:\\\ \\\ \\\\\\\ \\ \\ \\‘ A\ \\\\\\\ \\\\\ \ \\ \\!
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%\ 3. Write an equation for each function description.
\\v\"\
W . .

A\ a. alinear function

-\ b. a decreasing function
\

x c. a constant function

. d. an increasing function

e. a decreasing and increasing function
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Assignment

Write Remember

Complete each sentence by writing the correct term or phrase A function can be linear or

from the lesson. non-linear, and functions

1. When the value of a dependent variable decreases as the are often represented using
independent variable increases, the function is said to be a(n) equations, graphs, and tables.

Functions can be used to model

2. When both the dependent and independent values of a everyday situations with specific

function increase, the function issaidtobea(n) —— domains.

3. When a function is decreasing for some values of the
independent variable, it is said to have a(n)

4. When the dependent variable does not change as the
independent value of a function increases, the function is said
to be a(n)

5. When a function is constant for some values of the independent
variable, it is said to have a(n)

6. When a function is increasing for some values of the
independent variable, it is said to have a(n)

7. When a function is a straight line that can be written in the form
y = mx + b, itis said to be a(n)

Practice

1. Create a table of values for each situation and identify the domain and range.
a. Linear function b. Non-linear function
c. Function that decreases and d. Constant function

then increases

2. For each graph describe each interval of increase, interval of decrease, or constant interval.
a. b. c. d. v

72 /

L

36

SR
LY

24

2 4 6 8 10 12 14
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3. When Randall wakes up Thursday morning, there are 15 inches of snow on the ground. The meteorologist
reports that because the air temperature is slowly increasing, the snow will melt at a rate of 1.5 inches per
day for the next 8 days. Then extremely cold temperatures over the following 3 days will prevent the snow
from melting anymore. However, on day 11 of this streak of winter weather, the meteorologist predicts
steady snow for the next 5 days, but only % of an inch will accumulate per day. Let d represent the time in
days since Thursday, and let h represent the height of the snow.

a. Graph the function for the height of the snow over time.

b. Describe each interval of increase, interval of decrease, or constant interval.

Stretch

Create the graph of a function that includes at least three of the following: a constant function, an absolute
value function, a quadratic function, and a cubic function.

Review
1. State the domain and range of each relation. 2. Graph each line using the information contained in
Then determine whether each is a function. the equation.
Explain your reasoning. a. y=2x-5
a. y b.y—4=——§—(x+7)
10
8
6
4
2
X

0 2 4 6 8 10
b. Sequence: 4, 14, 24, 34, 44, ...

3. Use the graph shown to answer each question.

a. What is the speed of the car in miles per hour? b. What is the cost of one snack?
y y
‘ 10
100 ;5
58 % g ®
o E 2 3 pd
gE 60 9] A
§ £ p:
Z g 40 c !
[a) s P
20 g 2 7
= 0 o
%1 2 3 4 5" 0 2 4 6 8 10
Time (hours) Number of Snacks
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